This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. Wide range of values were observed for grain yield (6.6-124.4 g/plant), seed index (1.5-7.1 g/100 seeds), panicle length (8-44 cm) and panicle width (7.25 cm). High genotypic and phenotypic coefficient of variation was observed for grain yield per plant. The values of broad sense heritability in the sorghum core population ranged from 0.75 to 0.99. Seed weight, days to flowering, panicle width and leaf area were significantly correlated with grain yield (P ≤ 0.01). Seed weight was positively correlated with panicle width (correlation coefficient 0.31), while negatively correlated with panicle length (correlation coefficient -0.15). Cluster analysis resolved all the genotypes into four major clusters. Among germplasm lines, TSG-313 had high seed weight of 7.05 g/100 seeds, while TSG-325 had highest grain yield of 124.4 g/plant as against control variety. Germplasm lines with high heritability scores would help us to utilise them in recombination breeding.
INTRODUCTION
Sorghum is a staple crop cultivated in the semi-arid and sub-tropical regions of Africa and Asian countries. It is one of the most drought-tolerant cereal crops, which is cultivated for food, feed, fiber, and fuel. Globally sorghum covered an area of 44.96 mha with grain production of 68.93 million tonnes and Asian countries contributed to an extent of 19.6% of the global production (FAO 2014) . In India, sorghum is grown on 6.18 mha contributing 14.63% of the global area with a production estimate of 5.28 million tonnes (Charyulu et al. 2013) . Sorghum adapts to many environments, requiring 90 to 140 days to mature. Cultivated in diverse climates and environmental conditions, the challenges of increasing productivity on marginal lands and cooler climates remain at the forefront of sorghum improvement efforts worldwide (Burow et al. 2011) .
There are five cultivated races in sorghum, viz., bicolor, kafir, durra, caudatum and guinea. It is suggested that sorghum is domesticated and originated in North-East quadrant of Africa, most likely in the Ethiopian-Sudan border (Doggett 1988) . In order to harness wide variability, utilisation of germplasm lines in the breeding programs would be the good option. Core and mini-core collections have been developed in many crops including sorghum (Upadhyaya et al. 2009 ) and they are useful in finding germplasm lines with agronomically beneficial traits, such as resistance to abiotic/biotic stresses and seed quality parameters.
Studies on phenotypic and genetic diversity are essential to identify groups with similar genetic backgrounds for conserving, evaluating and utilizing genetic resources of pre-breeding and breeding germplasm (Franco et al. 2001) . Indian sorghum landraces possess moderate to high genetic variability, but their utilization in breeding programs for improving yield and seed quality has not been realized (Reddy et al. 2012) . Assessment of genetic variability has accordingly become an essential component in identifying potential parents for recombination breeding. It is also essential to study the association of yield components with yield under varied agro-climatic conditions. Attempts have been made in the past to estimate the extent of genetic variability among the accessions from Ethiopia (Mamo et al. 2007) , North Shewa and Douth Welo (Teshome et al. 1997) and India (Seetharam and Ganeshmurthy 2013) . Most of these studies were done with limited number of local genotypes grown in single or multiple environments. Both grain number and grain yield are quantitative traits governed by polygenes and have low heritability and high genotype and environmental interaction, which complicate selection strategies for these traits in breeding programs (Chapman et al. 2000) . The identification of secondary traits that have an impact on grain number and yield, showing diversity across genotypes and less environmental variation, becomes a best approach for yield improvement (Araus et al. 2008) .
Efficient utilisation of the genetic potential held in germplasm collections requires detailed knowledge about the collections (Beuselinck and Steiner 1992) , including characterisation, evaluation and classification. However, it is difficult to categorise the variation in germplasm collections for economic purposes (Prasad et al. 1989) . Multivariate methods are useful for characterisation, evaluation and classification of plant genetic resources when a large number of accessions are to be assessed for several characters of agronomic and physiological importance (Peeters and Martinelli 1989) . In this context, present study focus on a fair collection of Indian post rainy season grown sorghum landraces along with representative germplasm lines from five races were evaluated. This study will also assess morphological variations among the sorghum landraces and varieties, estimate genetic parameters and classify the genotypes based on genetic similarity using cluster analysis.
MATERIALS AND METHODS

Experimental materials and data collection
The material used in this study comprised of 141 germplasm lines and 36 varieties including popular variety M-35-1, which were collected from ICRISAT and NBPGR, Hyderabad (Supplementary Table S1 ). Most of the local landraces and varieties are adapted to Central and South Indian states, while germplasm lines are adapted to Asian and African countries. The cultivation of these landraces was mainly in post-rainy season on a shallow to deep black soil. These genotypes were grown in two replications following Incomplete Block Design at Agricultural Research Station, Gulbarga, Karnataka during post rainy season of 2013-2014. The climatic conditions of the experimental site were characterized by a limited amount of rainfall and high temperatures during the crop growth. The experiment was laid out in two rows of 5 m length with 45 × 15 cm spacing. All the agronomic practices were followed to raise the ideal and healthy crop. Seven quantitative characters viz., plant height (cm), days to flower, panicle length and width (cm), grain yield per plant (g), 100 seed weight (g), total chlorophyll content and leaf area were recorded on five randomly selected plants as per the standard descriptors. Briefly, plant height was determined as the length of the plant between the base and the tip of the panicle. Panicle area was calculated by measuring length and width of each panicle. Plant yield was measured as the weight of the seed threshed from individual panicles. Seed index was recorded as the weight of one hundred grains from bulk seeds from each head of the genotypes grown. The fully opened leaf were selected at the time of flowering and from 10 randomly selected plants of each genotype total chlorophyll content and leaf area was measured using the chlorophyll meter (SPAD-502 Minolta, Japan). 18.38 *Significant at the 0.05 probability level, **Significant at the 0.01 probability level, CV: Co-efficient of variation. 
Statistical analyses
In the present study, data were recorded from five plants in each replication and averaged. The data were subjected to analysis of variance for each environment and for the combined data using PROC GLM of SAS 9.1 (SAS 2010). Genetic parameters were estimated to identify genetic variability among accessions and determine genetic and environmental effects on different traits. Genotypic (ϭ 2 G), phenotypic (ϭ 2 P) and error (ϭ 2 E) variances were calculated for each trait from the pooled ANOVA table. Phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) were calculated as per the standard formula (Burton 1952) . The extent of variation among the genotypes was estimated as broad sense heritability and defined as the ratio of the genetic variance (ϭ 2 G) between genotypes to the total phenotypic variance (ϭ (Allard 1960) . In order to determine genetic relationship among the different variables, Pearson correlation coefficients were calculated for every pair of traits using the PROC CORR of SAS procedure. A cluster analysis of the morphological data was performed using Euclidean distances and dendrogram was constructed.
RESULTS
ANOVA and univariate analysis
The analysis of variance indicated significant variation among the genotypes for all the traits except chlorophyll content and leaf area ( Table 1) . Coefficient of variation ranged from 18.76% (grain yield/plant) to 3.69% (plant height). The mean, range and genetic parameters for different morphological traits measured in 177 sorghum genotypes are presented in Table 2 . Among the traits studied, plant height, grain yield, seed weight, panicle length and width showed wide range of values. The increased grain yield (6.6-95.1 g/plant) was due to the increased seed weight (1.5-7.1 g/100 seeds), panicle length (8-44 cm) and panicle width (7-25 cm). Physiological traits such as chlorophyll content and leaf area also recorded wide range values of 25.5-67.4 and 0.0018-0.05 respectively. From the present study, one of the promising varieties, ICSV-13001 showed high grain yield (95.10 g/plant) contributed by the high seed index (3.9 g/100 seeds) and long panicle (21 cm), but flowered in 63 days. Among the germplasm lines, IC436598 showed high grain yield (73.3 g/plant) due to increased panicle length (24 cm) and width (6.5 cm).
Estimation of genetic parameters
High genotypic and phenotypic coefficient of variation was observed for grain yield per plant (59.24 and 68.20% respectively), while the lowest value was recorded in leaf area (0.97 and 4.01 % respectively) ( Table 3 ). GCV and PCV values for yield contributing traits were relatively higher as compared to highly variable morphological traits, viz., days to flower, plant height and leaf area. The values of broad sense heritability in the sorghum population ranged from 0.75 to 0.99. Broad sense heritability was higher panicle length, width plant height, chlorophyll content and leaf area (＞ 0.99) as compared to grain yield and seed weight (＞ 0.75). Genetic advance varied from 0.02% (leaf area) to 132.21% (plant height).
Genetic correlation and cluster analysis
Correlation coefficients between eight morphological and yield traits are presented in Table 4 . Seed weight, days to flowering, panicle width and leaf area were significantly correlated with grain yield (P≤0.01). Among the other correlations, seed weight was positively correlated with panicle width (correlation coefficient 0.31**), while negatively correlated with panicle length (-0.15**). Leaf area was positively correlated with grain yield (0.29**), seed weight (0.14**), plant height (0.12*), days to flower (0.31**), panicle width (0.20**) and chlorophyll content (0.11*). The morphological data were used to calculate Euclidean distances between sorghum genotypes and a dendrogram was constructed (Fig. 1) . Cluster analysis resolved all the genotypes into four major clusters. Clusters I and II had 42 and 24 genotypes, while III and IV had 105 and 6 genotypes respectively. Distribution, mean and range values for each cluster are shown in the Table 5 . Based on the mean and range values, cluster IV showed highest mean grain yield (73.07 g/plant) with wide range values (62.15-95.10 g/plant) as compared to other genotypes. The high yield was contributed by the high mean panicle length (21.13 cm) and width (5.88 cm). ICSV-13001 and DSV-4 were found to be high yield against rest of the genotypes with a mean grain yield of 95.10 and 85.35 g/plant respectively. Most of the early flowering genotypes were grouped in cluster I (51 days). Tall plants and bold seeded genotypes were grouped in cluster II and III with a mean value of 236.02 cm and 3.35 g/100 seeds respectively. Extra bold seeded genotype, TSG-313 showed 100 seed weight of 7.05 g as against control, DSV-4 possessing 3.35 g. Across the genotypes studied, mean values for these two parameters did not show any significant difference. High yielding genotypes with wide range values were grouped in the cluster IV. ICSV 13001 and DSV-4, popular released varieties had high grain yield per plant. TSG-467 was extra early, flowered in 37 days, while TSG-313 showed extra bold seed (7.05 g/100 seeds).
DISCUSSION
Landraces are the reservoir of genetic variability in most of the field crops. Although spread of research varieties is being used repeatedly in the cross breeding programs leading to narrowing of gene pool (Elangovan et al. 2012) . Hence collection of diverse germplasm lines (landraces or improved cultigens) from different agroclimatic conditions would help in broadening of the genetic base. M-35-1, a selection from landrace has been traditionally grown by the farmers since several decades and released as variety and dominates the post rainy season sorghum area in India. There is need to develop high yielding, dual purpose sorghum varieties with superior seed quality traits in replacement of the M-35-1. In this context, the present study was undertaken to characterize landraces, improved cultivars and released varieties for morpho-physiological and grain yield contributing traits.
From the present study, it was evident that wide range values were observed for grain yield, seed weight, panicle area and physiological traits like leaf area and chlorophyll content. Previous studies have also shown significant pooled deviation for grain and fodder yield indicating varietal difference for yield parameters (Narkhede et al. 1997; Patil et al. 2007; Prabhakar et al. 2010) . Among the 34 sorghum landraces from Ethiopea studied, one-way ANOVA showed significant differences between agro-morphological traits and high estimates of Shannon-Weaver diversity indices indicating that sorghum landraces in North Shewa and South Welo were diverse due to the ecological heterogeneity and climatic variations (Adugna et al. 2002) .
Results from the present study have revealed that the yield improvement is a complex phenomenon and several traits are influencing the differential yield levels across germplasm lines. A promising variety, ICSV-13001 and a landrace, IC436598 have shown high grain yield and was mainly contributed by panicle length and width.
With respect to genetic variability parameters, grain yield recorded high GCV and PCV values. Lowest GCV and PCV values were recorded for leaf area and chlorophyll content. The PCV values were found higher than GCV for all the traits studied; owing to the fact that environment had little effect on the expression of these traits. These findings were in accordance with the earlier reports (Basu 1981; Abu-Gasim and Kambal 1985; Bello et al. 2007) . High heritability values were observed for the traits under study (0.75-0.99) with panicle length, plant height and chlorophyll content registering maximum heritability values. Such a trend for yield traits is highly useful in plant breeding as they enable selection to be based on phenotypic performances (Siddique et al. 2006) . In the previous studies also polygenic traits have shown high heritability besides useful correlations among the yield and developmental traits (Seetharam and Ganeshmurthy 2013) . High heritability coupled with genetic advance indicates lesser influence of environment and potential of effective plant selections in the progeny lines (Baghalian et al. 2010) .
Correlations among morphological and yield traits give valuable information for selections to be effected in the breeding programs. In the present study, days to flower and yield contributing traits (seed weight, panicle width) are significantly correlated with grain yield. In addition, increase in the seed weight was positively correlated with panicle width but negatively related to panicle length. Similarly, in a study involving 13 sorghum cultivars in post rainy season, plant height had negative and highly significant correlation with panicle length, grain weight/panicle and grain yield/ha. On the other hand, panicle length had positive and highly significant correlation with number of grains/panicle, grain weight/panicle and grain yield. Negative association of plant height with grain yield indicated that hybrid with medium tall stature were more suitable in zero till rice fallow situation (Mishra et al. 2011) . Among the 200 Ethiopian landraces studied, positive correlation among leaf traits and between leaf traits and yield components were observed. Selection that focuses on key yield components such as larger leaf area, and on enhancing the grain filling rate by reducing excessive grain fill duration may contribute to yield improvement (Tesso et al. 2011) . Among the eight sorghum varieties grown in Sudan, grain yield per hectare showed high significant positive correlation with number of grain per panicle and number of panicles per unit area. The variance components for the two environments showed that most of the characters had higher phenotypic and genotypic variance than the environmental variance (Naim et al. 2012) .
Classifying genotypes in to morphologically and genetically similar groups is useful in identifying potential parents for recombination breeding (Souza and Sorrels 1991) . In the present study, all the genotypes were grouped into four clusters. In line with the present study, cluster analysis based on ordinal variables grouped 34 Ethiopian landraces into five clusters. The differential distribution of landraces revealed the adaptive significance of panicle compactness and shape that reflected the patterns of distribution of different races in north Shewa and south Welo (Adugna et al. 2002) . Similarly, analysis of 415 sorghum accessions for 15 traits in Etria region showed a greater proportion of accessions of similar adaptation zones (Ayana and Bekele 1999). Then, accessions from regions of origin with similar agro-climatic conditions were grouped together. The clusters contributing maximum to the divergence were given greater emphasis for further selection and also choosing them as parents in recombination breeding.
Results from the present study have revealed that the yield improvement is a complex phenomenon and several traits are influencing the differential yield levels across germplasm lines. Thus there is need to systematically analyze and interpret the complex association among the
